A number of different morphological measurements were made to enable ontogenetic 146 analysis of the gogiid assemblage. Thecal and stem heights of specimens were recorded 147 to provide estimates of how these structures developed. Moreover, we counted the 148 number of plate circlets to establish if the theca grew mainly through the addition of 149 new plates or fixed the number of plates in early ontogenetic stages and grew mainly by 150 increasing plate sizeas is the case in some Palaeozoic groups of asteroids, crinoids, 151 blastoids and rhombiferans (Brower, 1974; Sumrall and Sprinkle, 1999b; Atwood and 152 Sumrall, 2012). To estimate the growth of the brachioles, we counted the number of 153 brachiolars per 2 mm in the proximal parts of the appendages. The number of brachioles 154 was also recorded for each individual to obtain an idea of the relationship between 155 thecal height and the number of brachioles.
157
We investigated correlations between measured morphological variables (allometry) 158 using both non-parametric tests (Spearman's rho and Kendall's tao) and ordinary least-159 squares regression. In order to examine the age structure of the fossil community we 160 constructed size-frequency distributions, which are a frequently used tool in marine 161 biology, for investigating population structure in marine benthos. We restricted analyses 162 to thecal height (which is an accurate proxy for developmental stage in eocrinoids, see 163 Schlottke, 2007) , stem length and the number of circlets/plates. We analysed the data in Gogia sp. consists of three main morphological elements (Fig. 3B) : the theca, the 179 brachioles and the holdfast. The theca ranges in height from 2.7 to 19.3 mm. Thecal 180 plates are polygonal and lack internal and external ornamentation; they are arranged in 181 between 5 and 11 circlets ( Supplementary Table 1 ). Primary large thecal plates are 182 surrounded by multiple smaller secondary plates, as is the case in other gogiids and 183 several groups of early echinoderms (Sprinkle and Guensburg, 2001, fig. 3 ). Epispires 184 (sutural pores) are generally rare. In smaller specimens they occur exclusively near the 185 thecal summit, but in larger individuals they extend to the rest of the theca (Fig. 4) . The 186 brachioles are long, slender, variable in number (ranging from 3 to 13) and non-187 spiralled. They are composed of a biseries of brachiolar plates that alternate along an 188 abradial zig-zag suture (Figs. 3, 4) . Cover plates are mounted on brachiolars in a ratio of 189 2:1. The transition from the theca to the holdfast is gradual in most specimens, and there 190 is no clear difference in plating between the basal part of the theca and the proximal part 198 In almost all of the specimens on the slab, the theca is preserved articulated and with no 200 evidence of significant skeletal disruption, apart from thecal collapse/flattening caused 201 by the decay of soft tissues/burial. The stems are also articulated in most individuals, 202 but in some cases the distal parts are strongly curved or bent (Fig. 5 ). The brachioles 203 are, for the most part, fully articulated with the cover plates mounted on the brachiolars, 204 but in a few cases there is some disarticulation of the distal elements. There are no 205 disarticulated plates from gogiids or other echinoderms in the same bedding plane. Lin China. The majority of our specimens conform to entombment pattern type 2, meaning 221 that they are oriented parallel to one another with brachioles splayed out in a fan-shaped 222 pattern ( Fig. 3C ). However, other entombment patterns occur in a few specimens (Fig. 223 3D, E, Supplementary Fig. 1 , Supplementary Video 1). The size-frequency distribution of thecal heights is considerably right-skewed and 239 bimodal, with one pronounced peak at 8-9 mm and one smaller peak in the range 15-20 240 mm ( Fig. 8) . These observations are supported by the results of BIC, which resolves a 241 clear peak at two groups with equal variance (Table 1, Fig. 8 ); these two groups are 242 identified with mean thecal heights at 8.8 and 15.9 mm. BIC also resolves two groups 243 with equal variance in the number of circlets/plates but only one group based on the 244 stem length data (Table 1) . The multi-element skeleton of gogiids is a good indicator of the duration and nature of 251 post-mortem depositional processes, similar to other pelmatozoan echinoderms (Brett 252 and Baird, 1986; Meyer et al., 1990; Brett et al., 1997) . Superficially, gogiids resemble 253 crinoids in their body organization, but there are also clear differences in the 254 construction of their component parts. In gogiids, thecal plates were loosely articulated, 255 probably with connective tissue, whereas in many groups of crinoids and more derived 256 blastozoans the plates were rigidly fused. Furthermore, in almost all crinoids the stem is 257 composed of single piece (holomeric) columnals, which were tightly fused together by 258 mutable collagenous tissue in life (Hess et al., 1999) ; in contrast, the stem of gogiids is a 259 polyplated hollow tube consisting of small and loosely articulated elements. Brachioles 260 are constructed rather differently to crinoid arms (Sprinkle, 1973; David et al., 2000; 261 Guensburg and Sprinkle, 2007 Sprinkle, , 2009 , being delicate structures that are more 262 comparable to pinnules than to the main part of a crinoid arm. Crinoid brachial 263 articulations also had ligaments or muscles, whereas only simple ligamentary pits occur 264 in gogiids. Ligaments are generally more robust to decay than are muscles (Ausich and 265 Baumiller, 1993), however, gogiid brachiolar articulations have a smaller surface area 266 than most crinoid arms, and therefore may have been susceptible to rapid 267 disarticulation. As a result, gogiids were likely more prone to post-mortem 268 disarticulation than crinoids, and the impact of taphonomic processes probably differed 269 between these two groups. with the exception of crinoids with tightly-sutured plates (see Brett and Baird, 1986) .
Articulation patterns
Considering the exceptional state of preservation of our specimens and the special 275 properties of the gogiid skeletonwhich would have disarticulated readily after death 276 (see also Liddell et al., 1997)we infer that the specimens of Gogia sp. described 277 herein were buried rapidly and that they represent a life assemblage that was originally 278 preserved in-place (autochthonous) or underwent minimal transport from nearby 279 (parautochthonous). The exceptional preservation of articulated hexactinellid sponges 280 from elsewhere in this sequence indicates that instances of event burial were relatively 281 widespread in this depositional setting (Rigby, 1980; Gunther and Gunther, 1981) .
282
Additional support for this taphonomic mode is offered by the preferential orientation of (Sheldon, 1965; Cummins et al., 1986) . Therefore, we interpret the polymodality of our 291 size-frequency data as representing the original population structure of the assemblage, 292 rather than the result of post-mortem transport and size sorting. Based on the preservation, orientation and entombment patterns of Gogia sp., it seems 318 almost certain that all the individuals on the slab originally came from the same 319 population/area and, thus, were exposed to the same environmental conditions during 320 life (see section 4.1.). The studied community is dominated by small-to intermediate- Hansen, 1982; Fujita and Ohta, 1990) . Modern echinoderm meadow-type 340 communities, such as those consisting of holothurians (Rowe, 1971 (Rowe, , 1972 Billett and 341 Hansen, 1982), ophiuroids (Fujita and Ohta, 1989, 1990; Packer et al., 1994) and 342 echinoids (Forcucci, 1994) , have been studied in this context in order to make 343 inferences about ecology, environmental stability and age structure.
345
In terms of interpreting the population structure and dynamics of fossil echinoderm 346 accumulations, studies on modern communities provide an analytical framework; 347 accumulations of small individuals with extremely similar sizes (for example, in 348 holothurianssee Rowe, 1971 Rowe, , 1972 Billett and Hansen, 1982) Curvitriordo stecki and were explained as the result of a hiatus in recruitment (e.g., 365 seasonal breeding) or some other factor that greatly restricted recruitment of new larvae 366 for a period (Sumrall, 2010; Shroat-Lewis et al., 2011) .
368
The age structure of the studied population also allows broader inferences to be made 369 regarding the reproductive biology of gogiid echinoderms. The identification of 370 multiple age classes implies that the production and release of gametes was likely 371 seasonal, leading to pulses of recruitment and settlement that were subsequently The specimens of Gogia sp. that we describe range from 2.7 to 19.3 mm in size (Fig. 4 gogiid post-metamorphic development was most likely a continuous process, and it 403 seems unwise to assign specimens to distinct ontogenetic stages (as opposed to 404 allocating them to a discrete age cohort within a larger population) on the basis of thecal 405 height alone. underlying the growth of these distinct elements may have been rather different.
412
Comparing the stems of specimens belonging to different ontogenetic stages (e.g. Fig.   413 5A vs. 5E), it appears that they grew chiefly by incorporating new plates, but the 414 accretion of calcite on existing ossicles probably also played a role, with the stem plates 415 up to four times larger in the larger gogiid individuals. However, the incomplete 416 preservation of stems in a number of the specimens (see section 4.3.) implies that many 417 of our measures of stem length are underestimates, and the stem may actually have 418 grown at a faster rate than currently documented. An additional character that has a 419 positive correlation with thecal height (albeit a weaker one), is the number of thecal 420 plate circlets, which ranges from 5 to 11 (Spearman's rho = 0.37, p < 0.01; Kendall's 421 tao = 0.29, p < 0.01). This may have been one further mechanism by which gogiids 422 were able to increase the size of their theca during development.
424
The size and number of thecal plates are additional characters that were modified during 425 ontogeny. Observations of plate junctures show that smaller individuals are primarily 426 composed of a low number of relatively large plates, which are termed primary thecal 427 plates (Fig. 4) . In larger, older individuals, secondary thecal plates were added between 428 these junctures (Fig. 9) , and there was also a considerable increase in the relative size of 429 these newly added plates with development ( Fig. 9) . (Figs. 4, 9) . Thus, there is apparently some relationship between increasing 438 thecal height and the widespread emplacement of epispires. However, it is important to 439 note this is not a universal pattern in Gogia sp., and some larger individuals exhibit less 440 extensive development of epispires than expected (compare Fig. 4M and Fig. 4N ). In To sum up, different mechanisms controlled development in different parts of the gogiid 465 skeleton. The theca grew through the addition of new plates but also by accretion of 466 calcite on existing plates. The stem grew through a similar mechanism to the theca, 467 chiefly by adding new plates, but also through increasing the size of the existing 468 ossicles. Whether the new elements were added at the stem-theca contact, or 469 intercalated along the stem length, is not something we can unambiguously address 470 based on our material; however, the presence of primary stem plates bounded by small 471 secondary elements in larger specimens points to the later mechanism as the most 472 plausible. The brachioles grew through the addition of new plates in their distal parts, 473 and there is no evidence that additional plates were inserted along their length, or that 474 plate sizes increased with ontogeny. 
